Summary. -In these proceedings we review the flavour phenomenology of twoHiggs-doublet models (2HDMs) and connect the results to the decoupling limit of the MSSM. We first study the impact of FCNC constraints on the allowed parameter space of the 2HDM and examine how recent deviations from the SM expectations in tauonic B decays (observed by BABAR) can be explained in a 2HDM with generic flavour structure (of type III) with sizable flavour violation in the up-sector [1, 2] . Afterwards, we discusses the matching of the MSSM on the 2HDM of type III. Here we focus on the two-loop SQCD corrections to the Higgs-quark-quark couplings 
-Introduction
The Standard Model (SM) contains only one scalar isospin doublet, the Higgs doublet. After electroweak symmetry breaking, this gives masses to up quarks, down quarks and charged leptons. The charged component of this doublet becomes the longitudinal component of the W boson and the neutral CP-odd component becomes the longitudinal component of the Z boson. Thus we have only one physical neutral Higgs particle. In a 2HDM [4] we introduce a second Higgs doublet and obtain four additional physical Higgs particles (in the case of a CP conserving Higgs potential): the neutral CP-even Higgs H 0 , a neutral CP-odd Higgs A 0 and the two charged Higgses H ± . The most general Lagrangian for the Yukawa interactions (which corresponds to the 2HDM of type III) in the physical basis with diagonal quark mass matrices is given by
where ǫ q ij parametrizes the non-holomorphic corrections which couple up (down) quarks to the down (up) type Higgs doublet( 1 ). In the MSSM at tree-level ǫ q ij = 0, which also corresponds to the 2HDM of type II, flavour changing neutral Higgs couplings are absent (ǫ q ij = 0). A combination of flavour constraints on the 2HDM of type II is given in the left plot of Fig. 1 .
However, at the loop-level, the non-holomorphic couplings ǫ q ij are generated [5] ( 2 ) and in the following we will assume that ǫ 
which arise already at the tree level [7] 
for tan β = 50 and m H = 500 GeV. As an example we show the full dependence of the constraints in the complex ǫ 
Note that no region in parameter space is compatible with all processes. Explaining B → D * τ ν would require very small Higgs masses and large values of tan β which is not compatible with the other observables. To obtain this plot, we added the theoretical uncertainty linear on the top of the 2 σ experimental error. Right: Plot from the CMS collaboration taken from Ref. [8] : Exclusion limits in the m A 0 -tan β plane from A 0 → τ + τ − . The analysis was done in the MSSM, but since we consider a 2HDM with MSSM-like Higgs potential and the MSSM corrections to the A 0 τ τ vertex are small, we can apply this bound to our model. However, a large value of ǫ [9] . However, there are no relevant constraints on ǫ u 32,31 from FCNC processes because of the light charm or up quark propagating in the loop (which also requires the contribution to be proportional to this small mass). This has important consequences for charged current processes (to be studied in the next section) where these elements enter.
3. -Tauonic B decays in the 2HDM of type III Tauonic B-meson decays are an excellent probe of new physics: they test lepton flavor universality satisfied in the SM and are sensitive to new particles which couple proportionally to the mass of the involved particles (e.g. Higgs bosons) due to the heavy τ lepton involved. Recently, the BABAR collaboration performed an analysis of the semileptonic B decays B → Dτ ν and B → D * τ ν using the full available data set [10] . 
and mH = 700 GeV (yellow), mH = 500 GeV (red) and mH = 300 GeV (blue).
They find for the ratios
the following results:
Here the first error is statistical and the second one is systematic. Comparing these measurements to the SM predictions
we see that there is a discrepancy of 2.2 σ for R(D) and 2.7 σ for R(D * ) and combining them gives a 3.4 σ deviation from the SM [10] . This evidence for new physics in B-meson decays to taus is further supported by the measurement of B → τ ν which disagrees with by 1.6 σ higher than the SM prediction using V ub from a global fit of the CKM matrix [11] . A natural possibility to explain these enhancements compared to the SM prediction is a charged scalar particle which couples proportionally to the masses of the fermions involved in the interaction: a charged Higgs boson. A charged Higgs affects B → τ ν [12] , B → Dτ ν and B → D * τ ν [13] . In a 2HDM of type II (with MSSM like Higgs potential) the only free additional parameters are tan β = v u /v d (the ratio of the two vacuum expectation values) and 
-Effective Higgs Vertices in the MSSM
In this section we discuss the matching of the MSSM on the 2HDM considering the Yukawa sector ( 5 ) but neglecting loop-corrections to the Higgs potential which to not lead to enhanced relations among parameters, i.e. the corrections can be reabsorbed by a redefinition of parameters [19] . This means our goal is to express the parameters ǫ q ij in Eq. (1) in terms of MSSM parameters. At tree-level, the MSSM is a 2HDM of type II but at the loop-level, the Peccei-Quinn symmetry of the Yukawa sector is broken by terms proportional to the higgsino mass parameter µ (or non-holomorphic A ′ terms) which then generates the non-holomorphic couplings ǫ q ij . In the MSSM there is a one-to-one correspondence between Higgs-quark-quark couplings and chirality changing quark self-energies (in the decoupling limit( 6 )): The Higgsquark-quark coupling can be obtained by dividing the expression for the self-energy by the vev of the corresponding Higgs field.
Let us denote the contribution of the quark self-energy with squarks and gluinos to the operator q f P R q i by C q LR f i
. It is important to note that this Wilson coefficient is linear in ∆ q LR , the off-diagonal element of the squark mass matrix connecting left-handed and right-handed squarks. For down squarks we have . We now define
where the parametersÊ 
In the matching of the MSSM on the 2HDM one can as a by product also determine the Yukawa couplings of the MSSM superpotential which is important for the study of Yukawa coupling unification in supersymmetric GUTs. Due to this importance of the chirality changing self-energies we calculated them (and thus alsoĈ q LR ij ) at the two ( 5 ) For a discussion in MFV see for example [17, 18] ( 6 ) The non-decoupling corrections are found to be very small [6] . loop-level in Ref. [3] ( 7 ). The result is a reduction of the matching scale dependence (see right plot of Fig. 4 ) while at the same time, the one-loop contributions are enhanced by a relative effect of 9% (see left plot of Fig. 4) . For a numerical analysis also the LO chargino and neutralino contributions should be included by using the results of Ref. [6] .
Concerning the tauonic B-decays discussed in the last section, the size of the quantities ǫ u 32,31 that can be generated via loops in the MSSM is too small to give a sizable effect. * * * I thank the organizers, especially Gino Isidori, for the invitation to "Les Rencontres de Physique de la Valle d'Aoste". This work is supported by a Marie Curie Intra-European Fellowship of the European Community's 7th Framework Programme under contract number (PIEF-GA-2012-326948).
